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Abstract 
The article describes the method of computer contouring of disc tools for pump screws and compressor units treatment. The 
described method is based on the usage of mathematical kernel and software of a modern graphical CAD system. The method 
does not require to use mathematical models for solving the contouring problem under consideration. Hence this does not call for 
the usage of the characteristic numerical computation methods. Moreover, the proposed method allows the visualization of the 
screw and tool shaping surfaces physical interaction and the optimization of the contouring process at the visualization level.  
© 2015 The Authors. Published by Elsevier Ltd. 
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1. Introduction 
Screws and their main elements, i.e. thread section, number of threads, thread angle and screw length, are among 
the main parts of a screw compressor unit and a screw-type pump [1-3]. The screws are to be manufactured with 
high accuracy largely depending on the contouring precision of the cutting tools treating the screws. Tool contouring, 
namely obtaining the tool working surface profile form, is theoretically a mathematical problem. That the 
mathematical problem solution does not reflect the details and the features of the real dynamic image of the screw 
and the tool shaping surfaces physical interaction is the main drawback of the existing contouring methods. The later 
is of both practical and theoretical importance for qualitative technological realization of the contouring problem 
solution.  
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The objective of the research is the development of AutoCAD-based computer modeling of the screw and the 
tool cross shaping process without the mathematical contouring problem solution with the most detailed description 
of the shaping surfaces physical interaction image.  
2. Study subject 
Tool contouring, i.e. the process of obtaining its shaping surface contour according to the specified screw 
geometry and еру tool assembly parameters, consists of the following stages [1]:  
x Direct contouring stage, comprising the development of the corresponding geometric model and its mathematical 
description for obtaining the tool working surface shaping the initial screw surface.  
x Reverse contouring stage, aimed at the inspection of the obtained tool shaping surface correspondence to the 
precision requirements specified for initial screw surface geometry.  
Both stages are essentially theoretical and comprise the solution of mathematical problems providing the 
background for the subsequent technological development of the physical tool model.  
One of the most common tools for working on the surfaces of the compressor unit and the pump screws is a disc 
cutter [1-3] having rotation surface as a working, or shaping, surface.  
There are numerous methods for contouring the disc tools used for working on the screws of various units. The 
main ones are the normal sections method [1]; the kinematic method [2], and its geometric interpretation - the 
method of contact normals [4]. The mentioned contouring methods have the following shortcomings:  
x The mathematical models methods contain the problems of computational nature. To solve the equation of the 
contact condition bracing independent contouring parameters requires to choose and apply a numerical method 
which varies depending on the definite contouring task.  
x Mathematical models mirror only the theoretical side of the contouring problem solution but not important 
features of the real, or physical, screw shaping with the use of the developed disc tool during the working 
process.  
With respect to the above mentioned, one can specify the study subject as the contouring method for the disc tool 
used in the machining of the pump and the compressor unit screws without the above listed shortcomings. 
3. Computer modeling based contouring of the disc tool used in the machining of the pump driving screw  
Contemporary CAD systems employing the capabilities of their mathematical kernels based on 2D and 3D 
modeling allow to achieve a whole new level of the contouring problem solution [3, 5]. To prove that statement, the 
computer solution of the problem of contouring the disc tool for the machining of the driving screw of a three-screw 
pump is provided. The problem is solved in several steps:  
x the development of the electronic solid model of a pump crew and a tool model workpiece;  
x  the automatic mode realization of the kinematic scheme for the tool model shaping by the specified screw 
model;  
x  the formation of the electronic models of the tool and the screw workpiece; 
x the automatic mode realization of the kinematic scheme for the tool model shaping by the obtained tool model;  
x the comparative analysis of the obtained results and the modification of the tool model and the parameters for 
setting the tool against the screw, if necessary.  
3.1. The development of the electronic solid model of a pump crew and a tool model workpiece  
Several options for obtaining the solid model of the item limited by the cylindrical screw surfaces by means of 
modern CAD systems are known. The conducted research demonstrated that in the problems with the pump surface 
profile defined by the compound curve, the option when the polygonal model of the screw surface is specified by the 
set of its front sections is the most optimal in terms of the modeling accuracy and the used computer memory 
resource. The means of CAD systems allows not only to construct the profile segments in an automated mode by 
their equations with necessary accuracy (Fig. 1a), but to obtain the three-dimensional model of these profiles set 
(Fig. 1b). Based on this set, the polygonal model of the screw surface is formed by means of CAD system (Fig. 1c).  
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A symmetrical cycloidal profile (Fig. 1a) used in most commercial three-screw pumps [3] is taken for the screw 
profile at the front section (xy-plane of the section is in perpendicular to z axis of the screw). A general epicycloid 
equation used for forming the screw profile at the front section is given by: 
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where a is the radius of the mobile circumference, b is the radius of the immobile circumference, t is the inclination 
angle of the immobile circumference radius guided into the tangency point on the mobile circumference. 
For the points on the arc EK of the front profile in Fig. 1, the values of their parameters r, Ɂ and ξ are the 
following: 
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The segment KF of the front profile is the simple epicycloid arc [1], its equations are derived from (1) under the 
following values of the parameters:  
b = 0,5dН; a = 0,25 dН; t = Θ + Θ0; Θ0 = 0.80281rad; 0 ≤ Θ ≤ 0.31756rad. 
The extreme values of the angle Θ correspond to the limiting points K and F. The segment FB with point B at the 
diameter circumference 
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is the shortened epicycloid arc [1], its equations are derived from (1) under the following values of the parameters: 
0,475 ; ;Н Нa d a b d    0.31756rad≤Θ≤0.94745rad.  
The extreme values of the angle Θ correspond to the limiting points F and B of the epicycloid arc. 
The values of the angle δ for both parts of the epicycloids and the corresponding value of the radius r and the 
value of the angle ξ, determining the positioning of the tangent line at the current profile point are calculated based 
on:  
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Fig. 1. The driving screw surface modeling: (a) cycloidal profile; (b) profile set frame; (c) polygonal model. 
The resulting models of the surfaces limiting the driving screw model body are used for clipping of the segments 
from the cyclidrical screw workpiece (Fig. 2a). The result of the cycindrical workpiece parts clipping by the the 
resulting surface models is the electronic solid model of the screw (Fig. 2b), used at the second step of the problem 
solution.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 2. The formation of the driving screw model: (a) the clipping of the workpiece segment; (b) solid model. 
3.2. The automatic mode realization of the tool model shaping scheme by the specified screw model  
Except the pump screw model for disc tool contouring, the tool workpiece mode is also created. The obtained 
models are positioned relative to each other in accordance with the calculated parameters and demonstrated in Fig. 
3a. 
The kinematic scheme of the simulation modeling of the rotary body shaping due to the obtained model of the 
driving screw is realized by the rotational movement of the shaping element against the tool workpiece rotation axis 
(Fig. 3b). The modeling process is conducted in automated mode with the use of the corresponding software. The 
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accuracy of the shaping modeling is defined by the value of the parameter setting the increase of the model rotation 
angle against the tool rotation body axis. 
 
 
 
 
 
 
 
 
 
 
 
Fig. 3. The shaping of the disc tool worpiece: (a) the initial positioning of the models; (b) the intermediate positioning of the models. 
3.3. The formation of the electronic models of the tool and the pump screw workpiece 
The intersection of the resulting rotation body (Fig. 4a) by the plane passing through its axis defines the axial 
section of the disc cutter workpiece (Fig. 4b). The axial profile can be modified in terms of the technological 
requirements. After the modification it is used for the development of the disc tool rotation body model.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 4. Solid model of the disc tool workpiece and its axial section 
3.4. The automatic mode realization of the tool model shaping scheme by the obtained tool model 
The obtained tool rotation body model is the starting point for solving the reverse shaping problem. In this case 
the tool rotation body is the shaping element, while the shaped one is the body of the driving screw limited by the 
cylindrical rotation surface.  
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The relative positioning of the tool model and the driving screw workpiece is shown in Fig. 5a. The performed 
stage is important both for the examination of the obtained results and for acquisition of the real profile of the 
driving screw helical surface.  
The modeling process of the screw workpiece shaping by the tool rotation body is shown in Fig. 5b. The result of 
the shaping modeling is the body section with the helical track (Fig. 5c).  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 5. The screw model shaping: (a) the initial positioningof the model; (b) the intermediate positioning of the model; (c) the modeling result. 
3.5. The analysis of the obtained results of the tool contouring 
The front section of the obtained driving screw model is used for conducting a comparative analysis with the 
initial front profile of the screw. Based on the comparison results, the contouring process can be finalized if the 
obtained models meet the necessary accuracy requirements. It can also be finalized after modifying both the 
parameters of the model relative positioning and the disc tool body surface axial profile.  
4. Results and discussion 
To obtain a complete picture of shaping the driving screw surface and the disc tool rotation surface, the software 
package was developed that allows to create the models of the clipped metal layers obtained during the simulation 
modeling process.   
The proposed simulation modeling allows to determine some qualitative characteristics of the shaping process 
and the parameters of the clipped layers that can be used for setting the optimal slipping parameters during the 
technological development of the driving screw helical tracks surfaces.  
The geometric modeling combined with the computer polygonal and solid modeling provides vast opportunities 
for a qualitative design of the cutting tool with respect to machining the details of varied complexity comprising the 
pump screws and the compressor units. It also permits to make a well-aimed choice of the methods for details sizing 
corresponding to the removal of the largest outsize amount during the preliminary machining stage.  
Moreover, it created an opportunity to predict the conditions for the process losses during the tooling of the screw 
surfaces resulting from the uncertainties of a relative positioning and a relative movement of the screw and the tool.  
It is seen as perspective to further the research of the surface and solid modeling of the details and their removed 
amounts due to the implementation of the engineering review (powered, kinematic, dynamic) by means of CAD and 
CAE systems. The theoretical findings can be used to develop the automated systems for modeling the cutting tools 
to machine the driving screw and the idler of the pumps and the compressor units.  
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5. Conclusion 
The implementation of the solid simulation modeling method allows to solve the following shaping problems in 
machining the driving screw and the idler of the pumps and the compressor units: 
x to shape the disc cutter surface according to the specified screw helical surface in an automatic mode (the direct 
objective);  
x to model the screw helical surface according to the obtained disc toll surface in an automatic mode (the reverse 
objective); 
x to modify the disc tool axial profile and the parameters for positioning of the screw against the tool in both 
objectives;  
x to obtain the clipped layers solid model resulting from the shaping of the screw with the disc tool.    
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